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@ IMIVIOBILIZATION OF BIOFUNCTIONAL MATERIAL, ELEMENT PREPARED THEREFROM AND MEASUREMENT USING THE 
SAME. 

@ While fine particles (4) of an electrically conductive mat- 
erial such as platinum black are being precipitated electro- 
chemicaily on the surface of an electrically conductive mat- 
erial (7) such as platinum, a biof unctional material (5) such as — ^ 
an enzyme is simultaneously adsorbed eiectrochemically to . F I G . 1 
prepare a bio-element This bio-element can be prepared 
compactly by a single process and moreover, since the j 
apparent surface area of the fine particles <4) of the electric- V- I '~ ^ 
ally conductive material is large and a considerable amount 5 O^m 
f the biofunctional material (5) Is contain dandimm btlized LI J.,, 
in the electrically conductive fine particles (4), the intended * 
component can be measured quickly and with high sen- 4 
sitivity by use of a very small amount of sample. 
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SPECIFICATION 

Title of Invention 

Method of Immobilizing Biofunctinal Material, and Element prepared 
thereby and. Measurement by Using the same Element 

FIELD OF ART 

5 The present invention relates to a method of directly immobilizing 

a biologically active (biofunctional) substance to form a electrode ' 
in use for measurement, and to the element prepared thereby, and to a 
method of biological measurement by the element. Particularly it 
relates to a technique for miniaturing a biologically active 

10 electrode in use for quick and sensitive measurement of a specified 
substance, and to a biosensor that can be prepared by this technique. 
In this technique, the biologically active substance such as enzyme 
can be immobilized directly in and on the surface(s) of micro 
electrode, whether linking agent (s) is applied or not, and therefore, 

15 a micro bioactive element with high performance, especially, bioactive 
micro-sensor can be produced. Further, there are provided a micro 
biosensor that can detect with highly rapid response and high 
sensitivity and high detecting output. 
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BACKGROUND OF THE ART 

There have been known that biosensor prepared by the incorporaticm 
of enzymes, antibody or microorganisms on the surface of platinum or 
carbon can enable to measure quickly and continuously various 
5 chemical substances and biologically active substances. In such 
preparation, the biologically active substances is applied on the 
surface of the electrode by preparing independently the membrane 
containing the biologically active substance, and adhering the 
membrane on the surface of the electrode. The other preparation is 

10 carried out by forming covalent ^ bond between enzyme and the surface. 
However, while the feature of biosensor is evaluated by 
reproducibility, life-period, high sensitivity and response ability, 
one prepared by the former preparation is not good at reproducibility, 
and one prepared by the latter preparation is difficult to increase 

15 the density of the enzymes on the surface. Further, the prior art 
preparation needs several steps for the formation of the bio- 
electrode, and in addition, it is difficult to prepare multifunctional 
sensor in which several species of biologically active substances on 
one sensor are incorporated. 

20 The prior art enzyme- immobilized electrode has the structure of 

enzyme-immobilized membrane adhered on the surface of platinum plate. 
The preparation thereof may include the adhering of previously 
prepared enzyme-immobilized membrane on the platinum electrode, and 
the coating of chemically treated clean surface of the electrode with 

25 enzyme. Then, the miniaturization of the electrode is difficult. 
Recently, the significant technique for miniaturization is a 
semiconductor integration technique. In such integration technique, 
enzyme electrode having size in mm order can be considered, but the 
conventional detecting method by potential measurement will result in 
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satisfaction in sensitivity and response ability. Further, the size of 
the conventional lectrode is difficult to be more miniatured. 
There have been known a quick and continuous measurement of various 
chemical or biological substance by biosensor with inmaobilizing 
5 enzyme, antibody or microorganism on the surface of platinum or 
carbon. In such biosensor, the biologically active substance is 
immobilized by various methods for example, by adhering a membrane 
containing the biologically active substance to the electrode, or by 
coating the chemically treated surface of an electrode with enzyme or 

10 the like and forming a covalent bond between the enzyme and the 
surface. However, the performance of such biosensor can be evaluated 
by its reproducibility, durability, sensitivity and response ability, 
the one prepared by the former method has shortcomings in response 
ability, and the one prepared by the latter method is difficult in 

15 increasing the immobilization. In any of the prior method for the 
fabrication of biosensor, several complicated steps are necessary to 
immobilize, and further it is difficult to fabricate a multifunctional 
biosensor which incorporates several species of biologically active 
substances in one biosensor. 

20 DISCLOSURE OF INVENTION 

With the foregoing considerations in mind, the present invention 
contemplates the provision of a process of immobilizing the 
biologically active substance such as enzyme or antibody on the 
25 surface of the electrically conductive material, which comprises 
single step of depositing electrochemically fine particles of the 
conductive material on the micoro surface of the electroconductive 
material with electrochemical absorption of the biologically active 
substance. This is direct immobilization of th biologically active 
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substance. The present invention resides in the provision of biosensor 
system to overcome the shortcomings of the prior art biosensor, and 
further, of analytical system and method of measuring even extremely 
small amount of sample with high responsitivity and high sensitivity 
5 by using micro miniatured biologically active substance immobilized 
electrode. 

Further, the micro device using the micro electrode of the 
present invention as a functional electrode may provide biosensing 
system with high performance to measure extremely small quantity of 

10 sample. The present invention can provide a biosensing analytical 
system which can detect trace substance(s) ( for example, glucose ) 
in a micro 8ample(s) in a very small amount by measuring a current 
generated when a potential is applied in the micro sample(s). 
Further, the invention may provide an analytical system and method 

15 which can detect independently from the amount of the sample(8) to be 
measured. It is an object of the present invention to provide a bio 
analytical system in which the amount of the samplefs) to be measured 
can be reduced to a very small amount (for example, to the minimum 
amount of less than one microliter), because the micro enzyme 

20 electrode (micro electrode) can be assembled in a very small surface* 
It is further object of the present invention to provide a 
bio analytical system which can detect in real time by detecting 
directly an active substance as generated by the enzyme molecular 
within the micro electrode. The bioanalytical system of the present 

25 invention can use a voltametry techniques, and then, can measure on 
the sample(s) even in a stationary state. Because the bioanalytical 
method uses detecti n of active substance(s) incorporated in the 
electrode, it can be applied on an important enzyme such as oxidizing 
enzyme and dehydogenating enzyme. Further, th bioanalytical system 
can be used as an electrode for enzyme immunological analysis. 
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In accordance with the present invention, biologically active 
substance is unified to the fine particles of an electrically 
conductive material so as to fabricate a surface layer of the fine 
particles of an electrically conductive material incorporating the 
5 biologically active substance, and then the electrode having such 
surface conductive layer is used as a functional electrode* and 
assembled with a means for applying a potential and a means for 
measuring the current as generated, and then the measured current 
value(s) will determine the concentration of trace substance(s). 

10 Further, in the inventive analytical method, when a given potential is 
applied to a functional electrode which is fabricated by unifying the 
biologically active substance within the surface layer of the fine 
particles of an electrically conductive material on the surface of 
the electrode, electric current is generated and measured, and then, 

15 the concentration of trace substance(s) in the very small sample can 
be determined from the measure value(s) of the generated current. 
This unifying process of incorporating the bioactive substance within 
the surface layer of the fine particles of an electrically conductive 
material can be accomplished by a single step of depositing the fine 

20 particles of an electrically conductive material on the surface of 
the electrically conductive material, with simultaneous adsorption of 
the the bioactive substance. The bio element of the electrically 
conductive material incorporating the biologically active substance 
can have a very small size, and the performance similar to that of 

25 the larger bio electrode. And the structure has the surface layer of 
the fine particles of an electrically conductive material, and has an 
immobilized bioactive substance. The bio element fabricated in 
accordance with the present invention can be used as a transducer 
el ment and as a bioreactor not only as a bi measurement element. 
Such bio electrode can refer to as a microelectrode. In the other 
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words, the inventors have found that when the bioactive substance 
immobilized microelement is used, and exerted to application of 
the given potential, the electric current is generated and can 
determine the concentration of trace substance(s) in the sample(s) by 
5 the certain relation thereto of the measured current value(s). 

The microelectrode having a biofunction fabricated in accordance 
with the present invention has a layer of fine particles of 
electrically conductive material consisting essentially of platinum 
and the like, which incorporates the bioactive substance such as 
10 enzyme, as formed on the surface of very small plate electrode (e.g. 
size of 1 to 100 micrometer ). Particularly, the electrode having a 
surface layer of platifium black formed by electrochemical deposition 
of platinum is well known to evidence high catalytical activity for 
hydrogenation, but the incorporation of the biologically active 

15 substance in such platinum black has not been known* (while there has 
been known immobilization of enzyme and the like in the pores of 
platinum plate fabricated by etching, and then binding the enzyme 
thereon by a crosslinking agent.) Further, it has not been known 
that the size of the platinum black can be controlled as in accordance 

20 with the present invention so as to incorporate the biologically 
active substance therein, to immobilize thereby the biologically 
active substance. In the other words, the method of direct 
immobilization of the biologically active substance in accordance 
with the present invention does not need necessarily a chemical agent 

25 (crosslinking agent) as in a carrier binding technique, but enable to 
directly immobilize the biologically active substance without any 
chemical treatment. 

In accordance with the inventive method of fabrication of 
biosensor, a biologically activ substance is electrically deposited 
directly on an electrically conductive material such as platinum, and 

-6- 
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simultaneously precipitating fine particles of an electrically 
conductive material (for example metal ) together with the 
biologically active substance by electrolysis reducing 
(electrolyting) metal salt. In the other words, fine particles of 
5 the conductive material are being formed on a small surface of 

platinum, incorporating a biologically active substance in the pores 
among the fine particles of the conductive material. The size of the 
pore and the amount of the immobilized biologically active substance 
can be controlled (adjusted ) by current density, electrolyting period 
10 and applied potential. The function of the resulting biologically 
active substance immobilized electrode can be maintained for longer 
period. The fabricated electrode can have a thin film of polymer 
material such as protein or polysuccharide covered thereon and 
crosslinked by crosslinking agent, so as to allot the biological 
15 adaptability and long life to the electrode, and to minimize the 
solubility of the biologically active substance 

Hereinafter, "biologically active subsUnce" may include enzyme 
and antibody as a representative, and various catalyst, microorganism, 
proliferated microorganism, organelle, antigen, antibody and tiapten. 
20 Further, in the present invention, in place of platinum, may be 
"an electrically conductive material" such as gold, rhodium, 
ruthenium oxide (RuO,), carbon, palladium, and indium used. Any 
material the fine particles layer of which can be formed on the 
surface of the electrically conductive material can be used for the 
25 inventive electrode, unless the other trouble ean be. 

A polymer material used for covering additionally the surface of 
the biosensor of the present invention may include protein such as 
albumin, polysaccharide such as heparin. The usable crosslinking agent 
is preferably a cr sslinking agent adapted to the used polymer 
material which may include glutaraldehyde adapt d to albumin, and 

-7- 
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further include carbo diimido, maleate imide crosslinking agent. 

Further, mediater such as ferrocene can be incorporated in the 
fine particles of the biologically active substance so as to enable 
measurement of target material even in absence of soluble oxygen or 
5 with less soluble oxygen where oxygen has to be dissolved in the 
solution containing target material for the measurement. Further it 
enables to reduce significantly the potential necessary to operate the 
sensor. 

The inventive method of immobilizing the biologically active 

10 substance is one of extremely important technology for development of 
clinical chemical analysis, and portable health check system requiring 
multiple detecting and multiple functions. Recently, there have been 
proposed various multiple biosensor using integrated circuit 
technique, and the inventive method of immobilization of enzyme and 

15 the like is important in this phase too. Further, it is evident that 
the enzyme electrode fabricated by the inventive method has highly 
quick response. 

The structure of the electrically conductive material layer 
incorporating the immobilized biologically active substance is as 

20 shown in FIG. 1 A, B. The fine particles of the the biologically 
active substance are incorporated homogeneously as shown in the 
conductive fine particles. In the other words, enzyme and the like ar 
incorporated in a small size electrode by electrolysis depositing the 
conductive material in very fine particle so as to form a biologically 

25 active substance immobilized electrode. 

In accordance with the present invention, the biologically active 
substance is immobilized in high density in a conductive mat rial so 
as to afford a highly sensitive lectrode in use for biosensor. For 
example, Th lectrode having an immobilized enzyme and the like in a 
surface layer of platinum black of a platinum electrode has a high 
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sensitivity when it is used a biosensor in use for measurement by 
amperemetry. Therefore, using a method of immobilizing the 
biologically active substance in accordance with the present 
invention, a biosensor can be fabricated using microelectrodes. 
5 The size of fine particles of the biologically active substance 
or the size of pore can be adjusted by changing the preparation 
conditions, or, by controlling the reduction current, reduction 
period, or the reduction potential, or by controlling the 
concentration of lead acetate in the electrolysis solution when 

10 platinum black or gold black is formed. 

As a material for electrode, gold, other noble metal, carbon such 
as glassy carbon, graphite carbon as well as platinum can be used for 
a substrate, and then, fine particulate material such as platinum 
black, gold black, fine particles of noble metal, or fine particles of 

15 conductive metal oxide in layer form is formed together with the 
biologically active substance. 

The inventors invented a biosensing system by utilizing platinum 
black formation and electrochemical adsorption of enzyme thereon so as 
to fabricate a very small and efficient enzyme electrode 
20 (microelectrode). and then using the highly quick response and high 
sensitivity. 

The microelectrode having a biofunction usable in the invention 
has the structure comprising a surface layer of fine particles of 
electrically conductive material such as platinum including the 
25 biologically active substance such as enzyme.. Such utilization of 
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platinum black for a carrier for the biologically active substance as 
in the inventive element has not been known ( whereas there has been 
known that platinum plate is etched to form porous plate in which 
enzyme and the like are settled and crosslinked to their surfaces by a 
5 crossl inking agent.) Further, there has not been known that the size 
of platinum black fine particles can be controlled so as to 
incorporate the biologically active substance therein. 

The fabrication of the microelectrode uses a direct immobilization 
of the biologically active substance which is not the prior art 
10 carrier binding method requiring a chemical agent (crosslinking agent) 
and can exert direct fixation of the biologically active substance 
without any chemical treatment. 

The method of fabricating the microelectrode used for the present 
invention may comprise depositing directly the the biologically active 
15 substance on the conductive material such as the sectional face of 
platinum wire, simultaneously reducing metal salt (electrolysis) to 
form a deposit of fine conductive particles (e.g. metal) 
incorporating the biologically active substance. For example, fine 
particles of platinum is formed on the very small surface of platinum 
20 electrode, and then simultaneously incorporating the biologically 

active substance in the small pores with the fine particles so as to 
fabricate the inventive electrode. The size of the pores and the 
amount of the immobilized biologically active substance can be 
adjusted by adjusting the current density, the electrolysis period and 
25 the given potential. The function of the biologically active 

substance immobilized electrode can be maintained for long period 
either with or without the further chemical treatment. 

Accordingly, the size of the microelectrode is dependent on the 
diameter of the used platinum wire, and then, when a very thin wire is 
used, the bioelectrode can be significantly smaller than that expected 
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in the prior art. Therefore^ the bioelectrode with size in micron 
order can be easily fabricated, and can be conveniently used for 
medical application e.g. intravital application, and then when it is 
used for analytical purpose, an apparatus with very little sample cell 
5 can be manufactured so as to enable analysis of trace amount sample, 
and further, quick measurement and high response ability can be easily 
afforded. In addition, when the electrode with larger size is 
fabricated, the analytical apparatus can be operated with the higher 
output for detection. 

10 In the fabrication of the inventive microelectrode, the conductive 

material to be used as a substrate should not necessarily be the same 
as the conductive material to be deposited as fine particles (porous 
material). For example, the structure in which platinum black is 
deposited on the surface of graphite can be used. Further, 

15 "electrically conductive material" such as gold and rhodium can be 
used in place of platinum for the formation of porous conductive 
material, and further, any material that can form a conductive layer 
of fine particles on the conductive surface can be used unless other 
trouble can be considered. 

20 The electrode consisting essentially of platinum black can be 

in various form such as in disc form, in spherical form or in tubular 
form. Therefore, it can satisfy any requirements based on measurement 
by biosensor, other conditions, and then, it can be utilized for 
bioreactor. 

25 Further, the microelectrode used in the 'present invention can be 

covered with polymeric material such as protein and polysaccharide for 
coating, and then, crosslinked with the cover film by crosslinking 
agent so as t give a bi logical adaptation, t have longer life, and 
to minimiz th resoluti n of the biologically active substance. 

"Biologically active substance" may include enzyme and antibody as 

"11- 
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a representative, and various catalyst, microorganism, proliferated 
microorganism, organelle, antigen, antibody and hapten. 

Further, mediator such as ferrocene can be incorporated in the 
fine particles of the biologically active substance so as to measure a 
5 target substance in absence of dissolved oxygen or presence of little 
oxygen, thereby to reduce significantly the operating potential of the 
sensor. 

The method of depositing porous (particulate) conductive material 
for preparing the inventive microelectrode can use non-electrolysis 
10 whereas the above mentioned fabrication is carried out by electrolysis 
deposition. 

Further, the micro enzyme electrode is electrochemically treated 
or anodizingly treated so as to improve the selectivity on the 
measurement. Those treatments can attenuate the non-unique activity of 
15 the platinum and the like, thereby to evidence the improved activity 
merely of the enzyme. 

The inventive analytical method can practice a miniatured bio 
sensing system with high speed response and high sensitivity. This 
will be extremely important technique for the development of clinical 
20 analysis or portable health checking system requiring miniaturization 
of biosensor and multiple detecting or multiple function. 

FIG. 5 shows a micro device 16 comprising micro electrode 11 with 
diameter of about 1 micrometer to 500 micrometer as a functional 
electrode, a counter electrode 12 of platinum wire, and a reference 
25 electrode 13 of silver/silver chloride, those three electrodes fixed 
in the resin 4 settled in a hole of PTFE (poly tetrafluoro ethylene) 
resin 5. Since such micr device 16 comprises mer ly three metal wires 
as settled therein, the devic can be in very small size. 

When such micr device is used, it enables to measure, on 
sample in very small amount, for example, solution in 
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merely one micron liter. After titration of very small amount sample, 
potential is applied, and the generated current thereby is detected to 
determine the amount of the target material in the sample. 

Accordingly, the active material as generated in the electrode by 
5 the biologically active substance such as enzyme molecular can be 
directly measured in real time. 

Various voltmetry detections can be applied to the above 
electrode, and then, the sample can be measured on even in a 
stationary state. 

10 The inventive bioanalytical system will detect active 

substances within the electrode, and then oxidizing enzyme and 
dehydrogenating enzyme can be immobilized. 

The inventive method of immobilizing the biologically active 
substance can afford the inventive bioelement (electrode), which will 

15 provide firstly a good response ability, and highly sensitive 

detection, and secondly a whole incorporation of the biologically 
active substance(8) such as enzyme without any harm to the active 
substance(s) by easy and direct immobilization. Thirdly, it will 
provide a high density of the active substance(8) immobilized on the 

20 surface of the microelectrode to afford very quick response, and 
fourthly, an easily and readily immobilization of the active 
sub8tance(s) such as enzyme without any chemical treatment on the very 
small surface of the electrode, and fifthly, a multifunctional enzyme 
sensor with a very small surface, in which plurality of enzymes are 

25 immobilized or settled. The inventive electrode element can measure 
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quickly and sensitively because It has an apparent small surface area, 
but, a very large surface area several thousands times than the 
apparent surface area of the electrode which is fabricated from the 
deposition of fine particles on the surface of the electrode, so as to 
5 increase the sensitivity of the element. 

An analytical system or method in accordance with the present 
invention can provide firstly a high performance biosensing system 
with highly quick response and high sensitivity which enables to 
measure on stationary sample, and secondly can enable to reduce the 

10 amount of the sample to be measured, because micro enzyme electrode 
( i.e. microelectrode), counter electrode and reference electrode can 
be arranged in a very small surface. Thirdly, it can detect directly 
an active material generated by enzyme moleculars within the electrode 
so as to measure in real time. Fourthly, various voltmetry technique 

15 can be used so as to enable detecting with enough sensitivity even in 
a stationary state. Fifthly, it uses an active substance(s) in the 
electrode, and then, important enzyme or biologically active 
substance(s) such as oxidizing enzyme and dehydrogenating enzyme can 
be used. Sixthly, it will provide an intravital biosensing system or 

20 portable biosensor. 

The inventive microelectrode has a very large surface area of 
several thousands times than the apparent area of the electrode so as 
to function as a large electrcKle, thereby to increase the detection 
sensitivity. The inventive biosensor electrode has fine particles 

25 layer, and the active substance(s) can permeate enough deeply in the 
electrode and be immobilized, and then quick response can be provided. 
The inventiv method of immobilization of the active substance(s) 
provides the active substance directly immobilized or fixed in spaces 
among the fine particles of the electrically conductive material so as 
to be easy to be fabricated. 
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SIMPLE DESCRIPTION OF DRAWINGS 

FIG. 1 A illustrates schematically the section of structure of 
the bio element prepared by the inventive method of immobilizing the 
biologically active substance. FIG. 1 B illustrates schematically the 
5 enlarged section of the encircled portion of FIG. 1 A, as shown by a 
dotted line, to show the detailed structure of fine particulate 
conductive material impregnated with the biologically active 
substance. 

FIG. 2 illustrates schematically the method of measuring glucose 
10 concentration by using the inventive bio element in budge system. 

FIG, 3 is a graph showing the response ability by the biosensor 
element in the batch system measurement as shown in FIG. 2. 

FIG. 4 is a graph showing the relationship of responded sensor 
output and glucose concentration measured by the biosensor element in 
15 the batch system measurement as shown in FIG. 2. 

FIG. 5 illustrates schematically the perspective view of micro 
device of three electrode system ( measuring by pulse method), using 
the biosensor element as shown in FIGS. 1 A and 1 B of the present 
invention. 

20 FIG. 6 is a graph showing the current generated when the constant 
potential is applied to the micro device as shown in FIG.. 5 of the 
present invention. 

FIG. 7 is a graph showing the relationship of generated current 
value and glucose concentration measured by the biosensor element as 
25 shown in FIG. 5 of the present invention. 

FIG. 8 is a graph showing the relationship of the volume of 
glucose sample and peak current value as measured by the analytical 
system by the puis method as shown in FIG. 5. 

FIG. 9 is a graph showing deUiledly the transient responding 
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current as shown in FIG. 6. 

FIG. 10 is a graph showing the relationship of the glucose 
concentrations and the difference of the current value as measured 
after two microsecond from the time of FIG. 9. 
5 FIG. 11 is a graph showing the relationship of the glucose 

sample quantity and the difference of the current value as measured 
after two microseconds from the time of FIG. 9. 

FIG. 12 illustrates schematically the structure of the detecting 
portion of the flow injection analysis using the bio element of the 
10 present invention. 

FIG. 13 is a graph showing the result in its response ability when 
the sample containing glucose is measured by using the flow injection 
analysis in accordance with the present invention. 

FIG. 14 is a graph showing the relationship of the glucose 
15 concentration and the response output, as measured by using the flow 
injection analysis in accordance with the present invention. 

FIG. 15 is a graph showing the improvement in the selectivity of 
the trace substance to be detected, as measured by using the 
oxidation treated bio electrode element in accordance with the present 
20 invention. 

FIG. 16 is a graph showing the selectivity of the trace substance 
to be detected, as measured by using the oxidation not- treated 
bioelectrode element. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

The structure of the bio element, as fabricated by the inventive 
immobilization of the biologically active substance in accordance with 
the present invention in shown in FIGS. 1 A and 1 B in the sectional 
5 view and its enlarged view. There is provided micro electrode having 
the fine particles 4 of the electroconductive material 4. the fine 
particles 5 of the biologically active substance, and the 
electrically conductive substrate 7. 

FIG« 5 shows micro device 16 comprising a micro enzyme (glucose 
10 oxidase) electrode 1 having a micro electrode 11 of about 1 micrometer 
to 500 micrometer in diameter, as a functional electrode, and a 
counter electrode 12 of platinum wire, and a reference electrode 13 
having silver / silver chloride. Those three electrodes, i.e. 
microelectrode 11, a counter electrode 12 and a reference electrode 13 
15 are fixed in the resin 14 put in the hole of PTFE (poly tetrafluoro 

ethylene ) and settled. Such micro device 16 has the structure having 
merely three metal wire fixed, and then, can become very small size of 
the device. 

Therefore, the micro electrode can detect on a very small 
20 quantity of sample, for example, one microliter of the sample. After 
the very small amount of sample is put in, the potential is applied, 
and then the generated current value is detected to determine the 
amount of the trace substance to be detected, in the sample. 

Accordingly, the inventive device can detect directly the active 
25 substance generated in the inventive electrode by the biologically 

active substance for example enzyme contained in the micro electrode. 
Further « the inventive electrode can be exerted by voltanemetery 
detecting method in various form, and then, the sample can be detected 
even in a stati nary c ndition. 

-17- 
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Because the inventive electrode can detect the active subtance 
therein, it can exerted for the bioanaiysis of the important 
biologically active substance such as oxidized enzyme or 
dehydrogenated enzyme. 
5 FIG. 12 illustrates in sectional view the analytical apparatus by 

using flow injection method in accordance with the present invention. 
The liquid 21 containing the trace substance to be detected is 
charged from an inlet 22, passes through a flow having a micro 
electrode 23, and passes through a flow having a reference electrode 

10 26 and a counter electrode 27 so as to detect the trace substance 
contained in the liquid sample 21. The micro electrode of the present 
invention has a unified structure of the biologically active substance 
and platinum black on the face of the platinum wire, and then, the 
device can be fabricated in very small size, for example, the size of 

15 micrometer order in diameter can be microfabricated, and then the 
flow cell as shown in the drawings can be fabricated in very small 
size. 

Accordingly, when the bio sensing system of the present invention 
is miniatured so as to detect the very small quantity even in a small 
20 amount of the sample, when the biologically active substance 
immobilized electrode, for example, enzyme embodied electrode is 
utilized. Further, in the continuous measurement, several hundreds of 
samples can be treated per one minute of time. 

Further, the bio analytical system of the present invention can 
use a potentiometry measurement. 
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The present invention is detailediy illustrated by the following 
examples, but should not be interpreted for the limitation of the 
invention. 

EXAMPLE 1 

5 Fabrication of biologically active substance inunobilized electrode and 
its feature measurement 

Glucose is changed into gluconic acid and hydrogen peroxide in 
the presence of glucose oxidase, and then, its concentration can be 
determined by measuring the oxidation current due to hydrogen peroxide 

10 responding to the glucose concentration by using an electrcxle 
incorporating the enzyme with platinum electrode. 

First of all, the preparation of enzyme fixed electrode would be 
illustrated, and then, the test for measuring glucose concentration by 
using the resulting electrode was carried out. 

15 A platinum wire of 100 micrometer in diameter was fixed at a tube 
of soda glass and was polished at its end surface by alumina powder. 

The immobilization of enzyme was carried out by the following two 
different processes. 

(A) Electrolysis was carried out in a solution of sodium sulfate 

20 ( 0.2M, pH=3.2 ) containing hexachloroplatinate (1 mg/ml) and glucose 
oxidase ( 1 mg/ml ), using silver/silver chloride electrode as a 
reference electrode, and the prepared platinum wire as a functional 
electrode, by applying a constant potential ( - 0.2 V ), for ten 
minutes, to form a deposit of platinum black incorporating enzyme. 

25 (B) Electrolysis was carried out in 1 ml of a solution of sodium 
sulfate ( pH=3.5 ) containing hexachloroplatinate (33 mg ), lead 
acetate ( 0.6 mg) and glucose oxidase ( 10 mg ), by applying a 
constant current { - 5 microampere ), for t n minutes, to form a 
deposit of platinum black incorporating nzym . 
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The resulting electrode was washed overnight in a 0.1 M buffer 
solution of phosphoric acid, and tested for the measurement of glucose 
concentration as follows; 

The prepared electrode can easily be fabricated in one step, and 
5 used for the measurement in batch system with stable and quick 
response. The structure of the deposit layered surface of the 
electrode is as shown in FIG. 1 B in sectional view« and constitutes a 
sensing portion. 

In the preparation of the electrode as mentioned above in 
10 accordance with the present invention, a glucose oxidase 

( isoelectric point = 4.2 ) charged positively was deposited on the 
surface of the electrode to form an electrolyted platinum, and as a 
result, enzyme was immobilized in the pores of platinum black fine 
particles. 

15 The device of FIG. 2 has a reference electrode 1. a counter 

electrode 2, a functional electrode 3, electrically conductive 
material fine particles 4, a biologically active substance 5 and a 
conductive substrate 7. 

Enzyme can be immobilized by any of the above two processes of 

20 fabrication of the electrode. The adjustment of fixed enzyme amount 
can be rather effected by the process (A) to form a uniform enzyme 
incorporated fine particle platinum black layer because enzyme being 
positively charged was deposited in a negative potential range, and 
the platinum black can grow at a constant! potential. Then« in the 

25 process {B} wherein the deposit is formed by applying a constant 
current, the potential is clhanged to decrease gradually a current 
density, when the deposited platinum black layer gr ws. and therefor , 
the time for the preparation is longer, and it will be mor difficult 
to form a homogeneous deposit. 

The bio sensor electrode of the present inventi n was tested to 
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evaluate its response ability by measuring in a buffer solution of 
phosphoric acid of a measurement apparatus in batch system as shown in 
FIG. 2. The numeral 1 represents a reference electrode (standard 
electrode ). 2 is a counter electrode and 3 is a functional electrode. 
5 the glucose oxidase fixed platinum black electrode prepared in 

accordance with the present invention. Each of those electrodes were 
connected as shown in the drawings to each electrodes of 
potentiometeric apparatus. Where plus 0.6 volt was applied to the 
functional electrode 3 relatively to the reference electrode 1, the 

10 solution was agitated, and glucose was added to, and the oxidation 
current generated between the counter electrode and the functional 
electrode was measured depending on the generated hydrogen peroxide. 

The output of the sensor of the present invention associated with 
the addition of glucose to the solution, that is, the change of the 

15 oxidation current generated by hydrogen peroxide shows a very quick 
response as shown in FIG. 3. It evidenced to respond within three 
seconds to the rate of 100 Z. The response of the sensor was very 
quick, and reached rapidly to the constant value. The measured result, 
is shown in FIG. 4 showing the relation of glucose concentration and 

20 the output of the sensor. It evidences that the biosensor of the 

present invention can measure even the concentration of 0.1 mg/dl, and 
the linearity of the value and the concentration was found within 
the range to be measured of 0.1 mg/dl to 100 mg/dl. 

It was apparent that the biosensor prepared by the immobilization 

25 of the biologically active substance in accordance with the present 
invention has a quick response ability and high sensitivity, which can 
be easily and readily fabricated. 
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Example 2 

Analytical apparatus and the method thereby using the micro electrode 
of the present invention. 

A fine platinum wire of 100 micrometer in diameter, a platinum 
5 wire of 200 micrometer in diameter for a counter electrode, and a 
silver wire of 500 micrometer in diameter were fixed by the resin 14. 
and then, the surface of the fine platinum wire was polished by using 
alumina powder. Against siich polished surface, enzyme was immobilized 
as follows. 

10 The polished wire was dipped in the solution 1 ml (pH -3.5) 

containing 33 mg of hexachloroplatinate^ 0.6 mg of lead acetate and 10 
mg of glucose oxidase, and electrolysis was exerted for ten minutes, 
by applying a constant potential { -0.2 Y) or a constant curxent ( -0 
.5 microampere), to form a deposit of glucose oxidase immobilized 

15 platinum black. 

Then, The micro device 16 using micro electrode as shown in FIG. 
5, as mentioned above is using a silver wire as a silver /silver 
chloride reference electrode, and then, washed in a 0*1 M buffer 
solution of phosphoric acid overnight resulting in three electrode 

20 microdevice. FIG. 5 shows a functional electrode ( microelectrode ) 
11, a counter electrode 12, a reference electrode 13, resin 14, PTFE 
( poly tetrafluro ethylene ) 15 and the microdevice 16. 
Measurement of glucose concentration by using enzyme immobilized 
electrode of the present invention. 

25 20 Microliter of glucose sample was put in the micro device 

of three electrodes system as shown in FIG. 5, and the potential of 
0.6 volt was applied. That is, several samples of differ nt 
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concentration of glucose were dropped in the device applying 0.6 volt 
of potential. The peak current values generated were measured and the 
. relation of the measured current values and the glucose concentrations 
was investigated. The result is as shown in FIG. 6. 

5 When 0.6 volt of potential was applied, the current as shown in 

FIG. 6 was generated. Where the sample did not contain glucose, the 
current as shown the left portion of FIG. 6 was generated. Where the 
sample was a buffer phosphoric acid solution containing 10 mM glucose 
( 50 mM, pH=7« 0.05 mM NaCl ). the response current as shown In the 

10 right portion of FIG. 6. 

As apparent from FIG. 6« the response current was generated 
immediately after the potential was applied, and then, the response 
current was rapidly reduced. This will support that the hydrogen 
peroxide generated by glucose oxidizing enzyme would be oxidized 

15 directly and immediately when the potential was applied. Further, it 
was understood that when the potential was repeatedly applied, the 
peak current will be at a constant value after several time cycle of 
application. 

Such phenomenon was found when the potential was applied in a 
20 buffer solution of phosphoric acid in the similar way. Then, the peak 
current values were measured to the samples containing the given 
concentration of glucose, and the peak current generated in a buffer 
solution not containing glucose was measured ( blank value ). 
The difference values from the peak value to the peak value at not 
25 -containing glucose solution were calculated, and the relation of the 
difference values and the given glucose concentrations was 
investigated. The result is shown in FIG. 7. That is. where the 
glucose concentration changes from 1 mM to 100 mM, the measured curve 
showing the relation to the peak current is found as in FIG. 7. 

Therefore, it is supported that the enzyme analytical syst m in 
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accordance witli the present invention can measure the concentration 
of the trace substance in real time even in the stationary sample in a 
very small amount. 

Test of sample quantity dependence as measured by the device of the 
5 present invention , 

2, 5, 10« 15, and 20 microliter of the glucose standard sample 
containing 10 mM of glucose were respectively picked up for each 
tests and dropped in the micro biosensor of the present invention, and 
the currents generated when the potential of 0 .6 volt was applied 
10 were measured for each test. The result is shown in FIG. 8. It was 
found that the peak current generated is independent to the quantity 
of the sample. 

Selective measurement of concentration by Transient response 
measurement in pulse voltmetry 

15 The initial stage of the response of the sensor was recorded by a 

transient memory when the potential of 0.6 volt was applied to the 
enzyme electrode for the detailed measurement of the pulse shown in 
the right portion of FIG. 6. The result is sown FIG. 9. There ia 
found a significant difference of the initial response to the glucose 

20 containing buffer solution from the initial response to the blank 
sample ( phosphoric acid buffer ) and to the fructose-containing 
phosphoric acid buffer. Therefore, The difference of the the current 
value at two microseconds time after the application of the potential 
from the glucose containing sample to the blank sample is plotted 

25 against the concentration of glucose as shown in FIG. 10. The 

linearity of the output to the concentration of glucose was found in 
the range of 1 mM to 100 mM. 

Further, th relation of the sample am unt to the output of the 
sensor is investigated where the concentration of glucose i c nstant. 
The measured result is shown in FIG. 11. It was confirmed that th 
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output of the sensor is not dependent on the amount of the samples. 

It is noted that the analytical system and method in accordance 
with the present invention can give information on the whole sample 
under stationary stat by detecting n a portion of the sample in the 
5 measurement. 

Further, the analytical system and method in accordance with the 
present invention does not need the agitation of the sample, and 
therefore, can be used as an intravital biosensing system or as a 
portable biosensor. 

10 The bioanalytical system of the present invention can be used in a 
countercurrent vessel or in a batch form as well as in a stationary 
vessel, and can detect with high speed response and quick measurement 
and high sensitivity. 
Example 3 

15 Analytical apparatus and method by flow injection using the micro 
electrode of the present invention 

There will be Illustrated a method of fabricating enzyme embodied 
electrode ( micro electrode ) to be used for the inventive analysis. 
First of all, the end surface of small platinum wire of 100 

20 micrometer in diameter was polished by alumina powder to be a micro 
platinum electrode. Electrolysis was carried out for ten minutes in 
one miliiiter of a solution (pH-3.5) conUining hexachloroplatinate 
( 33 mg ). lead aceUte ( 0.6 mg) and glucose oxidase ( 10 mg ) by 
applying a constant potential ( - 0.2 V ) or a constant current 

25 ( -5 microampere ) to form a deposit of platinum black incorporating 
glucose oxidase. The prepared deposit of platinum black incorporating 
glucose oxidase was about several micrometer in thickness. 

Next, the resulting microelectrode was used as a functional 
electrode, and assembled into the microdevice having the structure as 
shown in FIG. 12. In a flow injection measurement, the liquid 21 
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to be measured flows from an inlet 22« and passes the passage 25 
having a microelectrode 23. A silver/silver chloride electrcxle was 
used as a reference electrode 26, and a stainless steel block 
electrode was used as a counter electrode 27, 
5 Measurement of glucose concentration 

A liquid to be measured was put into a flow injection measurement 
system as shown in FIG. 12 by a single pump ( ER-8711 type) 
manufactured by Erma Inc. A stainless steel block electrode was used 
as a counter electrode, and a silver/silver chloride electrode was 

10 used as a reference electrode. Potential of 0.6 volt was applied to 
the microelectrode, and hydrogen peroxide being generated was 
oxidized. 0. 1 M phosphoric acid buffer solution ( pH=6.8 ) was used as 
a mobile phase, and several kinds of glucose containing samples having 
different concentration were detected. The flow rate varies in the 

15 range of 0.4 ml/minute to 1.8 ml/minute. 

Using a microelectrode having a deposit of glucose oxidase 
incorporated platinum black formed on the end surface of a platinum 
wire of 100 micrometer in diameter, the response to the intermittent 
charge of glucose solution ( 10 mM ) was measured and recorded. The 

20 result is shown in FIG. 13. As shown in the drawings* the current 

generated reached at peak three seconds after charge of the sample and 
returned to the original level within ten seconds. 

While seven samples were charged one after another within one 
minute, the detected current shows complete independence of the each 

25 peak corresponding to each charge of the samples. It was found that 
one sample could be detected within about nine seconds. The time 
period neceissary for one sample to complete the measurement, that is, 
the response time for measurement of glucose is closely dependent on 
the size of the microelectrode. It is apparent that when the diameter 
of the microelectrode is smaller, the time period necessary to measur 
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is shorter. The high speed measurement can be accomplished by reducing 
the diameter of the microelectrode. 

Next, the time period necessary to measure the concentration of 
glucose and the peak current were investigated changing the flow rate 
5 of the mobile phase solution. As a result, it was found that the time 
necessary to measure the concentration of glucose was shorter « when 
the flow rate was higher, and that the value of the peak current was 
lower, when the flow rate was higher. 

The relation of the glucose concentration and the peak current is 
10 shown in FIG. 14. It was apparent from FIG. 14 that the linearity of 
the peak current and the concentration of glucose is established in 
the range of 50 /£ Mole to 20 mM. 
Example 4 

Result of anodic polarization 

15 A platinum wire of 100 micrometer in diameter was sealed on a 

block of acryl resin, and the surface of the block was polished by 
alumina abrasives having particles of 30 micrometer to 0.05 
micrometer in size. Next, it was dipped in a solution of 
hexachloroplatinate of 3 % containing 500 ppm of lead acetate and 10 % 

20 of glucose, and electrolysis was carried out to form a deposit of 
platinum fine particles on the smooth end surface of the platinum 
wire. This electrolysis was for five minutes carried out at - 0.08 
volt. Six platinum fine particle electrode were fabricated, and then, 
among them, three of them were treated by oxidation (anodic) 

25 treatment, and three of them were not treated. The treatment was 

carried out by dipping the resulting enzyme embodied porous electrode, 
platinum electrode, and using this electrode as a functional 

lectrode as a counter electrod , and a silver/silver chloride 
electrode as a reference electrode in the three electrode system, and 
applying 1.0 volt to said enzyme electr de f r ten minutes. Then, the 
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resulting glucose oxidase embodied electrode was washed ov might with 
a O.i M phosphoric buffer solution. The resulting glucose oxidase 
embodied electrode was assembled as a functional electrode in the flow 
measurement apparatus as shown in FIG . 11. The sample solutions 
5 containing various kinds of saccharide were put in the measurement 
system in flow injection as shown in FIG. 11 by using a single pump 
(SPY-2502 U) manufactured by Nippon Seimitu Co. so as to measure on 
the oxidized electrode in the samples containing various saccharides. 
A stainless steel block electrode was used as a counter electrode. 0.1 

10 M phosphoric acid buffer solution was used as a mobile phase solution. 
Potential of 0.6 volt was applied to the glucose oxidase embodied 
electrode. The response curve was measured when the oxidized (anodic 
polarization ) glucose oxidase embodied electrode was used, and the 
resulting curve is shown in FIG. 15. Then, the response curve was 

15 measure by using the untreated glucose oxidase embodied electrode, and 
the resulting curve is shown in FIG. 16. 

Ordinarily, the saccharides such as glucose, galactose and 
fructose can not be oxidized at the potential of 0.6 volt. However, in 
this experiment, glucose can be oxidized by the action of catalytic 

20 glucose oxidase because of the glucose oxidase embodied electrode, and 
the oxidizing current can be detected corresponding to the amount of 
the glucose therein. Then, the other saccharides can not be oxidized 
because it is not effected by the glucose oxidase, and the current 
change may not be caused even if the solution containing the other 

25 saccharides were injected in the cell solution. However, the not - 
treated (not- anodic polarization) glucose oxidase embodied electrode 
caused the current due to the injection of galactose and fructose. 
Contrarily, there was not found the current change based on the 
injection of the other saccharide than glucose when the oxidation 
treated ( anodic polarization) glucose oxidase embodied electrode was 
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used. 

ladustrial Utilization 

Process of immobilizing of a biologically active substance, an 
element prepared thereby* and an analytical method using the said 
5 element are can be utilized for a variety of measurement and a 
measurement apparatus using a biologically active substance, and 
further, which element can function as a transducer or a reacting 
element, and are adapted for the measurement and the analytical 
apparatus with extremely small size, and extremely quick response and 
10 high sensitivity. 



BNSDOCID: <EP 030651 4A1_I_> 



-29- 



CLAIMS 

1. A biologically active substance iflunobilized micro bioelement 
having a molecular selectivity, comprising fine particle electrically 
conductive surface layer incorporating a biologically active 
substance(s) such as enzyme and antibody electrochemically adsorbed 

5 therein, as formed by depositing electrochemically fine 

particles of the conductive substance on the microsurface(s) of a 
conductive material. 

2. The biologically active substance immobilized micro bioelement 
having a molecular selectivity, as claimed in Claim 1 wherein the said 
fine particles of the conductive material has been treated by 
oxidation. 

3. A method of immobilizing the biologically active substance which 
comprises a single step of depositing fine particles of a 
electrically conductive material on a small surface of the 
electrically conductive material, simultaneously or concurrently 

5 absorbing electrochemically the biologically active substance so as to 
fabricate a biomicroelectrode with immobilizing the biologically 
active substance therein. 

4. The method of immobilizing the biologically active substance as 
claimed in claim 3, wherein the fine particles of the 
electrically conductive material is treated with oxidation. 

5. A bioanalytical system comprising a biologically active substance 
immobilized micro bioelement as claimed in claim 1, having a surface 
layer of fine particles of the electrically conductive material as 
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. fabricated incorporating tlie biologically active substance in the 
5 fine particles of the conductive material, as a functional . electrode: 
a means of applying a potential and; 

a device of measuring a generated electrically current, so as to 
determine a quality of trace substance to be detected, from the 
measured value(s) of the generated current. 

6 The bioanalytical system comprising a biologically active substance 
immobilized micro bioelement as claimed in claim 2. as a functional 
electrode; 

a means of applying a potential and; 
5 a device of measuring a generated electrically current, so as to 

determine a quality of the trace substance to be detected, from the 
measured value(s) of the generated current. 

7, A bioanalytical method which comprises measuring an electric 
current as. generated when a potential is applied at a given level by 
using a biologically active substance immobilized micro bioelement as 
claimed in claim 1, having a surface layer of fine particles of the 

5 electrically conductive material as fabricated incorporating the 

biologically active substance in the fine particles of the conductive 
material, as a functional electrode,, and 

determining a concentration of target substance to be detected, from 
the measured current value(s). • 

8. The bioanalytical method which comprises measuring a 

electric current as generated when a potential is applied at a given 
level by using a biologically active substanc immobilized, micro 
bioelement as claimed in claim 2, as a functional electrode, and 
5 determining a concentration f target substance to be detected, fr'm 
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the measured current value(8). 
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